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AN INTEGRATED-SELECTIVE KEY FOR THE
PHOTO IDENTIFICATION OF IRRIGATION STRUCTURES
OF A GRAVITV-FLOW IRRIGATION SYSTEM

Introduction

There are more than 200 million acres of irrigeted land
in the world. About one-third of this lies in Pekistan and
India. Additional areass occur throughout the world, (See
Figure 1).

Water to irrigate these dry lands comes from three
principal sources: natural streams, underground reservoirs,
and surface reservsoirs., Most modern large-scele projects now
depend on surface reservoirs to hold flood waters in check
until needed on the land for irrigation. Many such reservoirs
have bensn built in our west; others have been tuilt or sre now
under construction in the African Sudan, India and Pakistsn,
and in the semiarid regions of Russia. Water from the surface
reservoirs is carried in an claborate system of canals by the
force of gravity to the lands to be irrigated.

This kev is intended to provide thne photo interpreter,
untrained in sgricultural geogrsphv or lasndé use economics, with
the means of identifving 1rrigation structures in en area char-
actcrized by & gravitr-low irr-igation system. The key has
been so arranged that fcecztures witnin such a system can be
identified by reference to the appropriate portion of the key.
Because of this arrangement, tihc key may be classified as an

integrated-sslective key.
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IRRIGATION FARMINGI

Figure 1., Areas of Irrigation Farming. Outistanding examples
of large gravitv-flow irrigntion systoms inclucing dams,
reservoirs, and canals outside tice lnited States may be found
in (A) the Murray River Valley of Austrsalia; (B) the Upper
Nile Valley of ths Anglo-Egyptian Sudan; (C) along tho Niger
River of French VWest Africa; (D) the Punjab areca of Forth-
western India and Pakisten; (E) along the Indus River of
western Pakistan; and (F) along the Sir Dary~r 2nd Amu-Darya
Rivers of Russian Turkistan.

Studies were carvied on in the Greenflelds Irrigation
District, Fairfiecld, Montsna durinpg 1951. (Sce Figure 2).
Photo interpretstion of vertlcel storeopairs was integrated
with detaillcd fiecld cbservoticns of gravity-flow irrigation
structures and associnrtcd form practices. Ground photographs
in stercopairs were taken of charscteristic irrigation struc-
tures., The ficld studics were followed by ofr'lce studies in
which photo appearance cof irrigation fcaturces was checked.
Tho key summarizes doscriptions which help to identify

irrigation structurcs from aerisl photographs in stercopolrs,
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The Greenflields Irrigation District

The Greenfields Irrigation District of the Sun River
Project, Feirfield, Montana, was selected as an area for
field study for four specific reasons. (1) The Project
receives water from the Lewls Range of the Rcclty Mcintains
which lies about IS miles to the west, The general eastward
slope of the land makes irrigation possible by gravity-flow;
hence the Surn River Project has within it those structures
which are common to gravitv-flow irrigation systems throughout
the world. (2) The Sun River Project is one of the oldest
of the federal reclamation projects in the United States.
Construction on the Greenfields Brancn was besun in 1913 and
was largely completcd by 1925, No new irrigation development
1s contemplated., Thus, tho District has probably attained its
maximum physical extent, although much remalns to be developed
within the arca to insure maximum efficiency of operation and
return for the money invested. (3) The project is a single-
purpose project., As a studv it provides none of the complica-
tions of mul ti-purpose developnents, and f{s mere reopresentative
of the kind of gravitv-flow Iirrigation projccts which have
been developed elsewnerce in the world. (L) The Project is
small enough tc be understood in its entirety; yet large enough
to be representative of its kind,

The Greenfieclds Iriigation District 1s located about
thirty-five miles west of 4reat Palls, “ontana, betweesn the

Sun iver and Muddy Crcek, Altogether the District cccupies
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about 90,000 acres of irrigable 1and on three distinct bench
levels, Each of these levels s bcunded by abrupt scarps.,

The source of water for the District is the Gibson
Reservoir which contains the impounded waters of the Sun River,
The Gibson Dam was put Into operation in 1929, Water 1is
delivered the entire distance from the Gibson Dam by gravity
flow. The distribution system for water on the project consists
of 169.8 miles of c¢snals and conduits, 441.9 miles of laterals,
and 190 miles of drsins,

The Grcenfields Irrigation District of the Sun River
Project lies wiholly north of the Sun River on a series of
benches, the lowest of which stands at approximately 3500
feet and the highest at L300 feet 2bove sea level, Although
tiie entire District is served by the same main supply canel,
within it arc four distinct and scparate divisions (Figure 2).
Two of these¢ divisions, comprizingz 70,000 ecres of irrigable
land, are the largest and most important parts of the Green-
fields Irrigaticn District, They arc bounded on thc west by
Big Coulee and Grecenfields T.ake and on the north by Muddy Creek,
These two units arc known es the Greonficlds Division and the
M11l Coulee Division., The third unit, The Sun River Slope
Division, 1lies in z narrow belt waest of BRig Couleec on a
terrace level of Sun River and at about 3500 feet above seo
levels This Division is 12 miles long and averages 5 miles
in width, It comprises abhout 12,700 acres, The fourth

division is of relatively minor importance (32C0 acres), and



lies along the lower course of the Eig Coulee where it empties
into Sun River, It ic referred to as the Big Coulee Division,
The adminlstrative and trading center cf the entire
Greenfields Irrigation District is Fairfield, Montana., This
small tusiness town lies midway along the east-west extent of
the District in the southwest corner of the Greenfields Division.
The Greenflelds Dlvision of the Creenfields Irrigation
District, with which this report is concerned, consists of

three distinct levels, descending from south to north toward

Muddy Creek, Small, but well-defined scarps mark the edges

of tnese lcvels, Tie Divisicn is fairly regulzr in its surface,
except towards the cast where Grasshopper Spring and Long
Coulee, tributaries of Muddy Treek, hzve cut deeply into the
banchlands., The generslly level character snd parallel nature
of the three levels, or oenches, have facilitated distribution
of water for purposes of irrigation.

The Greenfields Division drains into Muddy Creek to the
north and east, and into Greenfields Lake to tne west. Muddy
Creek is a major tributary of Sun River, draining the uplands
betwecin Sun and Teton Hivers, Although it is a major stream,
it is dry for part of the vear as are the cculees, Nonetheless,
some watcr 1s contrituted by wastaways frone the Greenfieléds
Division, Greenficlds ILake to the west 15 thought to be a
former glacial lake in front of a terminal moraine., It is
now imperfectly draincd and thus occupied by 21lkaline water,

The lake varies annuully in size according to the amount of

procipitation,



Settlement of the Greenfields Irrigation LCistrict

The development of irrigestion farming brought drastic
changes In the settlemont patterrn and ecournumlic 1ife of the Sun
River Vallev. Prior to the application of water, the Green-
fields Irrigation District was given over to dry-farming and
grazing, At that timo, the District is believed to have
supported about 50 families on a total of 73,000 acres.

The first move to irrigste the Greenflelds District was
made in 1884 on thz inatigation of private capitalists. 1In
1889, the area was surveved by the U,S.G.S. and potential
reservoir sites were located., In 1902, severzl settlers filed
homestead and desert claims in the District and organized them-
selves 1nto the Kilraven Cooperation Canal Compeny to carry
out plans which had beern abandoned by the Columbisn Canal and
Colonization Company in 1893. They, too, abandoned efforts
and sctuslly comnleted only about one-tenth of the construction
work. It became appsrent that irrigstion of the bench lends
ad jacent to the Sun River Project could not be developed from
local financial resources. After the psssuge of the Reclumation
Act in 1902, serious attention was given to the development
of an irrigation svstem under the ausplces of the fcdersl
government., The construction of the Sun River Project was
finally authorized by the Seeretary of the Interior in 1906.

To expeditc irriesetion development anc to regulate farm
units as to size sand shapc, it w:s neccssary to bring

ireigable 1and under administretive control. On projacts
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constructed by or recciving woter from the Federegl Rurcan of
Reclamation, the totzl acreage efligiblc for delivery of waoter
is 160 acrcs in any onc ownership, or 320 acres for men and
wife, until such time as 51l construction cherges have besn
rcpnid, The law docs not limit the acreage which a person
mayv own; only the acreago to vhich water can be deliverced.,
This practice comes under the "c¢xcoss-land law" and applies
only to those prcjects which use water supplicd by the Federal
government undcr reclamation 1law,

The procecdures followed by the Unitzéd Stntes Government
through thc Burcau of Reelamntion in converting public and
other 1lands to irrigntion farms includes the loying out of
forms, preparing the 1land fer cultiveotion, putting in laterals,
sublaterals and hend ditches, 2nd sclecting and placing scttlers
on the land,

The laying out of farms on public-12nd projects 13 as
precisc 2 proccdure as thc naturc of the opcrction will permit.
First, the irrignble acrcage 1is subdivided so as to produce
farm units that cre ecconomictliy Teaslble. In general, in
the Sun River Vallevy new farm unite were 10id out in 80-acre
tracts, 1/ mile north »n? south and 1/ riic cast snd west,
This was consldercd to ke the most ccononical nrrangement in
tecrms of the mechanlcs of water delivery and topographic
restrictions, Insofar as possible c~ch f2rm unit contains
some dry iand in addition to irrigable lond. Farms were made

as nearly caunl in vnlue as practicable, and each farmstead
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was located with access to a road. %inally provisions had
to be made for the removal of waste and storm water fron
the farms and at the same time provide for the drainage of
the rosds,

In general, the orlentation of each farm unit was in
terms of the slope of the land and the layout of main laterals.
It was found thsat the farm unit layout, however, greatly
infiuenced the spacing of sublaterals. The plan adopted
made it possible to construct sublatersls at intervals of
one-half mile to reach each farm unit., These sublaterals
were dug along farm unit boundarles, if at 211 pcssible, and
were extended from one to two miles, Each was constructed
to carry water at the rete of from ten to twentvy cubic feet
per second at their turn-off from main laterels.

The resulting pattern of settlement is striking indeed
to even the csasual traveler. The large holdings of dry-farmed
land give way sharply to smell irrigated farms. The change
1s sudden and well-marked on the lsndscape. Aerial photographs

record it just as cffectively and strikingly. (See Photo 1).
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Photo 1, Aerial phcto of irrigated and non-irrigated land. This
shows sharp contrast of the irrigated fields of the Greenfields
Irrigation District with the non-irrigated wheat fields to the
north of Muddy Creek. Note the strip-farming practices in the
wheat zrowing area. Flelds of irrigated crops are generally
rectsngular in shape., Fileld ditches are plainly evidsent., Roads
foliow section lines of township-range survey system. Scale:
1:27,000 (1ISGS, Photo GS-Cl, 7=4=46, #1 12).
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Irrigation Structures Aasociated
with a Gravity-Tlow Project

A gravity-flow project is generally characterized by
three major types of structures: storage facilities, a
carriage system, and distribution features,

Water may be supplied for gravity-flow irrigotion systems
from wells, natural strasm flow, or stored flood water in
reservoirs built for that specific purpose, The natural flow
of rivers is gencra2lly insufficiznt to meet all irrigation
requirements in a2 dry or semiarid region tnroughout the
growing secason. It may bc ample until the cnd of the flood
season; but then the natural river flow drops sharply below
irrigation requirements. As knowledge concerning tne cycle
of water in rivcrs grew, it became apparent that 1if flood
waters could be captured and stored, not only would existing
areas be sssurcd of sufficient water to mature late-season
crops, but much new land could be added to the irrigated areas.
Most gravity-flow irrigation systems todsy, therefore, have
large reservoirs or a sorios of recservoirs which serve to
impound flood waters, Wnter is rsleased as it is needsd to
meot the irrigetion requiremcnts during the dry seasvon,

Theo carriage systom consists of diversion dams, sugply
cansls, tunnels, siphons, and the like. Thcse carry water
from gstorngec facilities to the several arcas or divisions

of the 1irrigated district,
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Distribution features are the canals and laterals which
deliver water within a specified area or division or an
irrigated district. A distribution system may obtain its
water canalsids from a supply canal, or it may obtain the
water from a group of wclls or in some instances directly
from the river by pumping or diversion. The exact point
where the carriage systom stops and the distribution system
begins veries from projcect to project, owing to local physical

conditions, terms of repayment contracts, and other factorse.
Layout of the Distribution Systcems

In ordef thet the photo interproter may be sble to
correlate and interpret irrigation distributaries more
effectively, 1t is particularly nocsssary to understand the
general plan of za distribution system.

The main carriage canals subdivide through turnouts into
(1) laterals, (2) sublaterals, and (3) head-ditches, from
which water is finally directed through (L) field ditches
over the ground to be irrigated, (Sec Photo 2).

Most canals and ditches are cxcevated fron the surface
of the countrysilde through wnich they run, except where it is
necessary to use earth-fill for banking wherc one side of
the cansl overlooks a depression. In this casc, earth and
gravel have becn tamped in, then ceated with clay and silt
to prevent sceepage. Modern canals arec often concrete-lined.
This pays dividends *n water saved from seepagec and in lower

maintenance costs,
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Photo 2, Aerial view of distribution features. This shows
principal distribution features of Greenfields Irrigation
District, (A) Greenfields Main Canal (B) Lateral (C) Sub-
lateral (D) Head Ditch (E) Border Ditch, and (F) Field Ditches,
Scale 1:20,000. (USDA, 1951, Photo ZS-104-6).
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All irrigation ditche: ranging from maln canals to
sutlaterals have rlat bottcms with sides formeod 2t an angle
of sporoximately 60 degrees from the horizontal. Dep*h and
width depend on the volume of weter required, Because move-~
ment of water is actusted by grevity, the lateral gradient
is a vital factor in delivering water with g meximum head,
with as much velocity as is precticable, 2nd with the pre-
caution of preventing erosion from cxcessive speeds and
overflows, Gradients rancee from 0, fect of fall per 1000
feet of ground distance, to 5.0 fect of fall per 1000 feet,
depending on soil conditions anrnd circuity of the ditch, On
curves where the2 soll is fine or where speeds of water are
greast enough to induce erosion, riprapping is generally done.
Major canals are generally silted or blanketed to prevent
oxcessive seepagce, c¢speclilally where excevetcd materials sre
gravelly and rendily absorb woter,

In order to facilitete movement cf water over placcs
where change of level in ditches is necessary within a short
distance, concretc drops with trapezoidel stilling basins
are constructed. Thc drop oxpedlitecs the chanpge of wotcer level
and the stilling kssin aquiets the agitated waters before they
can damage canal embankmints with eddy currents and excessive
speeds. Where changes of firo fect or more in water level
are required, therc mey be a scrios of drops at regular
intervals over o distzonee cof several yards, Howaver, if

the-o 1s a considcrsble change in watcr level within a relatively
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short distance so that the rat2 of f211 is great and of
considerable volume, chutes may bo reaquircd., The size of the
chute i1s necessarily smaller than that of the canal, inasmuch
as incroeased gredicent moves watcr more rapidly, hence requiring
smaller carrying capecity. T.lke drops, chutes havo stiiling
basins to quiet disturbed waters. Both tho chutes and stilling
besins are generally constructed of concrecte.

From canals, latcrals, and subloternls, water is diverted
by means of turnouts which permit thc passnage of water by
gravity flow into smnrller distributary structuraes. Turnouts
generally consist of a wheel-nnd-shaft valve mechenism and a
division box for controlling the flow of watcr., Water is
impounded within tho division tox by menrns of cipoletti
checkwiers, the center scction of which may be covered by
boards to prevcnt the flow of watcer, To one side of the
trapezoidsl outlct in the center of the weir is a metering
guage graduatcd in tcnths of fect. When a flow of water is
desired over the welr outlcet, the ccnter board may be raised
to permit the controllad flow of wrotoer,

Head ditches 1lcad from sublatcrels and conduct weter to
division boxes or dircctly to berdcr ditches. Heed ditches
may service two or thrce farms. Border ditches originate
gencrally at hcad ditches or division boxecs, follow the
higher ecdge of onc or more ficlds, and subdivide into field
ditches, Ditch ridcrs control the flow of wnter onto cach

farm, whother ir originatcs at latcrals or hcad ditches;
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farmers are in control of water once it is turned onto their
respective farms.

Farmers control water in border dltches by means of
portable canvas dams or by temporary earthen dams. Being the
smallest ma jor distributary, border ditches are generslly
about one foot deep and two feet wide. The use of border
ditches 1s particularly effective where fields have been
leveled so that the slope of the field 1s consistent and
regular. Border ditches and head ditches are generally banked
high cnough so that the water in them can flow above the general
level of the land, thus developing 2z small amount of head,

Where turnouts are in use, or where it 1s expeditious
to do so, various types of dams may be used either in con-
Junction with metering weirs and turnouts, or merely to stop
further flow of wnter. Therc are two principal types of such
dams. In the main cane2ls, radial dams work efficiently and
quickly. However, by far the grcatcst number of dams are
those constructed of board stoprers which may be removed one
at a time and which are more cconomical than raclal dams.

They are also easy to manipulatc in conjunctlion with smaller

diversion structurecs,
Drainage Ditches

Because of the gonorally saturated condition of the soil
in several parts of the District, 1t has been necessary to

construct drainzgse ditches to remove surplus waiters, These
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ditches are triangular in shape as contrasted with the trape-
zoidal shape of major distributaries., They are about ten
feet wide and have been excavated to e depth of approximately
eight fsot, Their location is below snd generally parallel
to major canals and laterals and in depressions from which

there are no natural outlets,.
Non-Irrigation Structures

There are a number of structures which are not directly
concerned with the distribution of watcr, but sre assoclated
with an irrigation system., Most important arc bridges for
highways crossing canels and laterals naving greater than
S0-second-feet capaclty. Distributaries having capecities
of le ss than 50 second-fecet aro generally extended under high-
ways, commonly without change in their water lovel, in
corrugated metal pipe culverts, Thesc pipes very in length
but have a minimum diameter of 20 inches to reduce possibilitiles
of weed clogging. Where drainage ditches intersect minor
distributaries, water is passed through cross-drainage culverts
across drainage ditches. Likewise, wherc drainage ditches
with minor flows of water are forcea to traverse major water
distributaries, subsurface culverts m-et the need.,

Materials which may be¢ ordinarily piled beside excavations
are commonly graded so 23 to form a roadway parallel to the
waterways. This artificial bank stands S to & fect above the

general leveil of the land, The roadway on top of the¢ bank is
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uscd by ditch riders tc attend thoir work of supervising and

operating water distribution facilities during the dry soason,
Conclusions

Responsibility for thc design and construction of structures
oessoential to the storage, diversion, conveyancc, delivery, and
distribuiion of water to irrigators rests with the engineer.

It is important, thcrefore, that such structures be built so
that they mav be relicd on during critical periocs. The failure
of a storage dom, as n result of bombing opc<rations or becsause
of poor design, may causc the loss of largce property invest-
ments cnd somctiries the loss »f livas of mnny people. The
destruntion of a diversion dam or thec bresking of a canal may
cause the loss of gll or part of the structurc and very often
the loss of valuzblce crops by the failure of water whon 1t'

is needed,

Irrigated lands are generally situated great distonces
from thc sourcc of water supply. Water obtained from natural
strcams and from surfazsce roscrveirs, as a rulc, must be conveyed
farthcr than woter obtained from underground rescrveirs, Carriage
canals may vary from n fow milcs to 100 or more milcs in length.

It 1s nccessnry, therefore, that a key for the photo
identificetion of irrigation structurous belonging to 2 gravity-
flow irrigation system consist of thrce parts: (1) a ker for the
identificstion of storage fecilities; (2) o key for the identifi-
cation of carriage syatem structures; and (3) a key for the

identification of distribution featurcs,
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The Gibson Dam

The Gibaon Danm is located on the North Fork of the Sun
River approximetely 37 miles west of Fairfield, Montzna,
headquarters of the Greenfields Irrigation District. The
surface of the limestone bedrock on which the dam has been
built is very scamy with proncunced stratification. The
structure is a concrete arch 195.5 feet high with a crest
length of 960 feet, a crest width of 15 feet, and a base width
of 87 feet. (See Photos 3-A and 3-B). It has a hydraulic
height of 17, feet. Total volumo cf material in the dam is
161,696 cubic yards,

A glory hole spillway is located at the north e¢nd of

the dam. Sec Photos 3-4 and 3-B). It has a cavacity of
50,000 cubic feet per second when the water surface is at
elevation 4,729 fcet. The glory nole, shaft, and 29.5-foot
dismeter tunnel are controlled by six 34 x 12-foot radial gates
at crest elevation 44,712 feet above mean sea level.

Outlet structures for thc dam are two 72-inch diameter

conduits through the basc of the dam, each with a 60-inch
emergency slide gate and a 60-inch rncedle valve on the
downstream end. (See Phcto Iy). The maximum cepacity of the

outlets is 2000 cubic feet peor second.
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Photos 3-A and 3-B. Stereogram of Gibson Dam on North Fork of
Sun River about 37 miles west of Fairfield, Montana. (A) Gibson
Dam (B) Glory hole spillway (C) Outlet Structures. Scele:
1:20,000. (USDA, 193), Photos CO-Ul-7h4; CO-41-75).

Photo 4. Front view of Gibson Dam. Note outlet structures
at base of the dam,
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Gibson Reservolr

Waters storcd by the Gibson Dam occupy a depression

known as Glbson Rescrvolr with an active irrigetion storage

capacity of 105,000 scre-fect, covering an ares of 1,360
acres, It extends upstrcam for a distance of seven miles,
and is aprrcximately one mile wide, Construction by the

Utah Construction Company was completed according to contract
specifications in July, 1929, and storage of water begun

immediately. In 1930, cffective usc of the waters of

Gibson Reservoir was boeing made,
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Photo 5, Aerial photo of Gibson Reservoir. Waters are
impounded by Gibson Dam for a distance of 7 miles upstrean.
Scale 1:70,000 (USDA, 1939, Photo CO-41-76)
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hotos 6-A and 6=B. Stereopalr of view from north shore of
leservolr looking east toward glory hole spillway and crest of
3ibson Dam.

Photo 7. View from north shore of Gibson Reservolir, looking
south.



- vy

Aerial Photo Identification of Structures
Associated wilth the Greenfields Irrigation District

Carriage System




26

Diversion Dam

Diversion Dam wes completed n 1909 as the first
structure for the diversion of Sun River waters. Prior
to the construction of Gibson Dam, Diversion Dam furnished
the only facility for cleiuing waters of Sun River for
purposes of irrigation. Gibson Dam has replaced its function
as a regulator, insuring adequate water supply at all times.
Now Diversion Dam is a secondary structure in the storage
system, although it still retains its function of diverting
waters from Sun River,

Diversion Dam is located downstream 3 miles from
Gibson Dam., It 1s a concrete arch-gravity structure. (See
Photos 8-A and 8-B). It has a structural height of 131 feet;
crest length of 243 feet; crest width of 7.5 feet; and s base
width of 4O feet. The outlect is 11 feet in diameter end has
a maximum capacity of 1400 cubic feet per second at a surface
elevation of L,}71.1 feet above sea lecvel,

Water is diverted dAirectly at Diversion Dam into Willow
Crcelr Feeder Canal to Willow Creck Reservoir; theonce to
Fort Shaw Irrigation District., Watecr 1is also diverted at
the samo point to the Pishkun Supply Canal and Pishkun

Reservolr; thence to Greenfields Irrigation District.
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Photos 8-A and 8-B, Stereogram of Diversion Dam. (A) Dam
(B) Water is carried in underground conduit from Diversion

Dam (C) Siphon carrying water to start of Pishkun Suggly Canal.
Scale 1:20,000., (USDA, 1939, Photos CO-41-65; CO=L1-66)

Photo 9. Diversion Dam. Water is diverted from Sun River at
this dam into the North Side Canal System, supplying irrigation
water for the Greenfields Irrigation District. Outlet is

to the lert,
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Siphon of Pishkun Supplv Janal

Water taken ITrom Diversion Dam flows through 2a
650-foot tunnel through the csnvon wall on the south side
of Sun River; thence through 2 conduit 870 f«ct in icngth,
At the end of tho conduit, thc water 1s taken northward
beneath tho Sun River through a siphon, 70C feet in length,
to the start of the Pishkun Supply Canal. (Scec Photos 11-A

and 11-B).

sy ©Oman @ wasy GEES $SEw
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thots 10, Siphon through whion water 1s carried from south
side of Sun River to north., Note that the location of the
sirhon on the far slope is indicated by the broken surface
wnere the trench containing the siphon has been filled. The
embankment at the far end of the siphon marks the start of
the Pishkun Supply Canal. Road which crosses river on bridge
continues along base of south bank of Pishkun Supply Canal

to Plshkun Reservolir.

N\
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Photos 11-A and 11-B., Stereogram of the siphon through which
water flows northward beneath the Sun R1iver to the Pishkun
Supply Canal. (A) Siphon (B) the beginning of tne Pishkun
Supply Canel and (C) roadway constructed at the base of the
south bank of the canal, Scale 1:20,000. ('SDA, 19951,
Photos 2S-5H-148; 2S-5H-149).



Pishkun Supply Canal

the Pishikun Suppiy Cannl is built throuzh the rough
foothill cowntry castward from the castern front of the
T.ewls Range, between the Diversion Dam and the Pilshlkun

Reservoir, 2 distance of 12 milaes, The surface materials

of rock and coarsc mravel cause cxcessive suepage of watcer

and have becen the soarce of much trouble. The canal has

“la

e capacitr of 1200 cubic ..t per second.
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Photos 12-A and 12-B. Stereogram of Pishkun Supply Canal between
On stereogram note (A)

Diversion Dam and Pishkun Reservoir,
bridge over canal and (B) blanketing of canal on outside of

bend to prevent erosion and seepage. Scale 1:20,000.
('SDA, 1951, 2S-5H-5, ZS-5H-4)

Stereopair of Pishkun Supplv Canal
toward Lewis Range from eastern terminus of
on south side cf cansal.

Photos 13-A and 13-R,
lecking westward
~ansl., Note embankment
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Pishkun Reservoir

The Plshltun Reservoir occupies a basin which is enclosed
by an inner moraine of the former Sun River 73lescier. (See
Photo Uy ). The reservoir site embraces 2 series of connected
lake beds qimost on the divide between the Sun and Teton
River drainage svstems, approvimately 1l miles east cof
Diversion Dam,

Pishkun Reserveir nas an actlve sforage capacity of
32,050 acre-feet, It is formed by a series of eight earth-rill
dikes, with a crest width of 20 feet, an average maximum
height of 23,5 feet, and an oversll length of 9,050 fest,
(See Photos 15 and 16-A 7 B). The outlect is a 12-foot
diameter concrete conduit with a2 maximum cspacity of 1600

cubic feet per second.

o
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Photo 15. Small dam along north side of reservoir, (See Photo 1)

Photos 16-A and 15-B,

Stereopair of earth-filled dem at the

northeastern end of Pishkun Reservoir. Note road on top of
dam. Picture taken looking southeastward from northwest end

of dame. (See Photo 1)
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Sun River Slope Canal

From Pishkun Reservoir the irrigation waters flow
southeastward for 25,9 miles thrcugh the Sun River Slope
Canal to the head of Big Coulee into which some water is
released, Beyond Big Coulee the carriage system is known
as the Spring Valley Canal, which extends eastward 14,2
miles to Fairfield,

The maintenance of the Sun River Slope Canal has been
compliceted by the rolling character of the area, It has
been necessary to cement the sides and bottom of the canal
for the first ten miles scuthsast of Pishkun Reservoir,

The Sun River Slope Casnal has a capacity in excess
of 1200 cubic feet per second., The first mejor turnout

into a latersl 1s eight miles southecast of the Pishkun

Reservoir,




Photos 17-A and 17=B., Stereogram of Sun River Slopes Cansal.
Naterisl excavated from the canal appears as a wide, light-
colored ribbon along the bank of the canal, Northern bank is
| ‘ light in tone due to the lack of vegetatlion, Base width of
canal 1s about 60 feet, water depth about 78 feet. Road width
about 20 feet, Side slopes of canal: 2 to l. {A) Point at which
Photo 18 was taken. Scale 1:20,000 (USDA, 1951, Photo ZS-8H-25-26)

G —

Photos 18-A and 18-B, Stereopair of Sun River Slope Canal looking
eastward from point indicated on stereogram abcve,
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38




|\

39

General Characteristics
Distributigg Features
Greenfields Irrigation District

The distribution features of a gravity-flow irrigation
system generally consist of a main canal with its laterals,
sublaterals, and head ditches. From the head ditches water
is directed through border ditches from which it is spread
over the ground by means of field ditches.,

In genersl, laterals in the Greenflelds Irrigation
District have been designed to serve from 3,000 to 3,500
acres. A lateral with its sublaterals has an average total
length of 12 to 15 miles,

For the most part the canels and ditches of the distribu-
tary system of the Greenfields Irrigation District have been
excavated from the surface of the countryside across which
they traverse, Only where one side of the canal overlooks
a depression has it been necessary to use eerth-fill for
banking. In such a case, earth and gravel have been tamped
in, then coated with clay and silt to prevent seepage,

All irrigation ditches ronging from mcin canals to sub-
laterals have flat boltoms with sides formed st an angle of
approximately 6C° from thc horizontal., The depth and wicdth
depend upon the volume of water to be carried,

Because thc movement of water 1s actuated by gravity,

the lateral gradient is 2 vital factor in delivering water

with a maximum head, with as much veleocity as i1s practicabdble,
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but with the precaution of preventing crosion from excessive
speeds and overflows. Gradlents ranpe from 0.8 feet of fall
per 1,000 feet of distance to 5,0 feet of fall per 1,000 feet,
dcpending upon coil conditions and on the circulty of the
ditch. On curves where fine materlals constitute mantle

rock, and where spceds of the water are great cnough to

Induce erosion, riprepping is commonly done.
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Greenfilelds Main Canal

At 2 point near the village cof Falrfield the Spring Valley
Canal becomes known a3 the Greenfields ™aln Canal., (See Flgure
2)e This is the major distribution fcaturc of the Grecnfields
Irrigation District. The fGreenflelds Main Canal has an initilal
capacity of 1,200 cubic feot per second. This diminishes until
it has a terminal capacity of 10 cublic fcet per second,

About 2 miles beciow the starting point of the Greenflelds
Main Canal, the Grecnflelds South Canal relieves the former of
a capaclty of };25 cublc feet per sccond and extends 16,7 miles
into the southecastern corner of the Greenfields Bench,

The first lateral turnout of the Greenflelds South Canal
carries water northeastward and downstrcam, wherc cventually
the surplus water is returned to thc Greenficelds Main Canal,
The second turnout zllows water to cnter the Mill Coulece Canal
which has a capacity of 5S4 cubic feet per second,

Thce bottom width of the Greenfiolds Main Cenal 1s 32 feet;
the sides have a 2 to 1 slopc; the water averages S fect depths
and the cansl has a total depth of 7 fecet. (Scc Photo 0).
Materials excavated from thc canal have becen utilized in the
construction of the cmbankments or as backfill, Thc banks
of the canal arc 8 fect widc, 7 fcet high, and have a 2 to 1

o=

slope. A roadway has been bullt slong the top of one bank,
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Photos 20-A anc 20-B, Stereogram of the Greenfields Main Canal.
Note the roadway along the canal embankment, The embankment was
constructed with material excavated from the canal. On the
stereogrem the vegetation appears as a dark margin along both
sides of the road. (A) Incdicates point at which Photo 21 was
ta‘r’.eno Scalo 1:?0’0000 (USDA, 1951’ PhOtOS ZS"].OH"S' ZS‘IOH-G)

Photos 21-A and 21-B. Stereopair of Greenfields Main Canal,
looking southwest from a bridge on Third Lane R0ad, at the edge
of tho southwest portion of Section 31, T 22N, R 2W. Road is
on the right bank of the casnal, (See Photo 20),



Head Ditches

Head ditches lead from sublaterals., Head ditches may
serve two or three farms, where they conduct water directly
to border ditches or to division boxes. (See Photo 22). Head
ditches are the smallest units of the distributary system,

through which the flow of water is controlled by ditch riders.

Border Ditches

Border ditches originate generally at head ditches or
division boxes end follow the higher edges of one or more
fields, The border cditches are generally about one foot deep
and two feet wide, The use of border ditches 1s particularly
effective where the fields have been leveled so that the
slope of the fiald is consistent and regular. Border ditches
and head ditches are generally banked high enough so that
the water can flow above the general level of the land, thus
permitting a small amount of head., Farmers assume control

of the flow of the irrigatlon water after it has been diverted
into the border ditches.

Field Ditches

The border ditches are subdivided into field ditches.
(See Photo 23). These conduct the water directly to the
crops to be irrigated,
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Photo 22, A head ditch along s highway. Note the turnoff into
the border ditch., For serial view of above ditch see (D) on
Photo 19,

I P < L
RO

Photo 23, Plield ditches leading from a border ditch. Hay has
been cut and the field is being used as a pasture for dairy ocows.
These ditches appear on serial photographs as roughly parallel
fcotures axtending northeastward from the border ditch toward

the drainage ditoch. For aerial view of above field ditoh see

(F) on Photo 19,
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Turnouts

From the main canal, laterals, sublaterals, and smaller
ditches, the water is diverted by means of turnouts. These
pernmit the passage of water by gravity flow Into successively
smailer distributary units. Turnouts gencrally consist of a
wheel-and-shaft valve mecuanism for permltting a flow of

water es desiresd.,

Check Dams

Where turnouts are in use, or vherc it 1s expeditious
to do so, various types of dams may be nused. In the maln
canals the radisl dsms work efficlently and quickly. However,
by far the greatest number of dams consist of board stoppers
which may be removed one at a time and which are more economi=-
cal to construct than rasdial dams. They are also casier to

manipulate in cenjunction with smaller diversion structures.
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Photo 2. A turnocut from the Greenfields Main Cansl. Note the
check dam in the center whicn can be constructed with board
stoppers, The turnout to the lateral is on the left,

“‘ ~

Photo 25. A radiel check dam in the Greenfields Main Canal,
These dams work efficiently and quickly, but most dams consist
of board stoppers which may be removed one at a time and which
ara more economical to construct than radial dams,
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Special Structures

Viater flows from head ditches into coment dlvision boxes

from which it is then turned out into border ditches. The
watcr is containcd within the division box by means of a

cipoletti checkwelir, the conter section of which may be

covered by boards to prevent the flow of wvatcr,
On one side of the trapezoldal outlet in the center of

the welr is a metering gauge which is egradustcd in tenths of

fcet, When a flow of water is desircd over the weir outlet,
the center board mav be raiscé to nermit the controlled flow

of water.
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Fhoto 26, Ground appear.nce of a turnout from s head ditch
northward into a border éitch. Note the wheel-and-shaft mechanism
for controlling the flow of water, The water flows from the
turnout into s division box, where the water is impounded by means
of a checkwelr, Note the trapezoidal shape of the checkweir,

The center section of the weir may be covered by boards to prevent
the flow of water northward and to direct it east or west as de-
sired, PFor asrial view of sbove feature see (G) on Photo 19.

- - i ol L
Fhoto 27, A closeup of a cipoletti checkweir. Note the metering

gauge on the right side of- the outlet in the center of the weir,
Not possible to detect on aerial photographs,
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Miscellaneccus Features

In ordar to cxrcdite tho movement of water wher: =
change ¢f l-ovel in ditches is nccessarv within a short
distonce, concrcte drops with traopczoidal stilling basins
aro ofton constructed., The drop accomplishes the chango
in water levcl and the stilling basin quicts the augitated
water beforc it damages the canal cmbankments with cddies
and cxcessive speeds,

Where changes in watcer lovel of flve feet or more are
reguired, there mav be a series of 4rons at repgular intervals
within a distanc: of several wvards., How=ver, if there 1is
a consldcrable thange 1n water level within e rc¢latively
short distance, so that the rate of fall is grcat and of
considcrable volum:, concrcte chutes may be regulred. The
width of the chute 1s nccessarily smaller than that of the
canal slnce the increnscd gradient moves the water more
quickly. Likc drops, chutes have stilling basins to quict
the disturbed watcr,

Often sluices nand conduits are nccessary to carry
latcrals, sublatcrals, and ncud ditches neross roads or
ovcr drainsge ditches. These mayv be constructed of wocd

or gslvanized 1iron.



-y

L adndnd

Photo 28. A single drop. These are located where there is a
change of level of less than § feet., On ceriul photos a drop
apprears only as a dark indistinct feature in the canel. Often
drops are located where a change in level 13 associasted with a
change in direction. The stilling basin below the drop aprears
on aerisl photos as a widening in the cansal.

Photo 29, A series of drops. Note the stililng bLasins ut tue
base of each drop.
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Photos 30-A and 30-B. Stereogram of a chute. Constriction in
width of canal is apparent., Abrupt change in direction of flow
at upper end of chute is characteristic. The check at upper end
of chute is scarcely discernible. (A) Funnel-shapvd upper end
of chute indicates direction of flow. (B) Stilling Lasin at
lower end of chute 1s identified by agitated water which appears
foamy white on the lower side of check. (C) Gradual curve of
the canal leaving stilling basin indicates the lower end of
cnute, Scale 1:20,000., (USDA, 1951, Photo ZS-10H-5, ZS-10uH-&).
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Tnotos 231-4 end 31-B, Stereopslir of chute indicated 1n
~3re $2, looking lown slope of chute. Observe inclined
slices arnd In the right foreground may be seen & portion

Photo 30,
concrete
of the

witer, funnel-snaped upper end of chuta, Check and stilling
baslin may be ohserved ai oot of chute, where Greonflields Main
"aral tnrns toward eagt-nortneast. A main latersl turns toward

‘v and (T) on Photo 1Y,

e wesdt wnd carrles wuater teneath the road, Alsc shown as
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Photos 32-A and 32-B, Stereopair of a wooden sluice; looking
east-northeasterly along the drainage ditch. The sluice carries
a head ditch over the drainage ditch. For aerial view of above
feature see (M) on Photo 19.

Photos 33-A and 33-3, Stereopair of a large galvanized conduit,
wnich carries water in a sublateral across a drainage ditch.
For aserial view of above feature see (N) on Photo 19,
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Drzinage Ditches

Because of the gencrally saturated condition of the
soil in several parts of the Greenfields Irrigation District,

2 4 s e
it has been necca

oo}
(%)

[

sary to construct drainage éitches tc remove
the surplﬁs water that has accumulated as 2 result of
irrigation aﬁd seepage losses. These ditches ars commonly
triangular in shapc as contrasted with thce trapezoidsl shape
of major distributaries, They arc about ten feet wide and
have -been excavated to a depth of about sight feet,  Their
location is below and genérally parallcl to major canals
and laterals or in depressions from which there are no
natural outlets. There is no ﬁnit of the Greenfields Irriga-
tion District which is entirely free from dr=inage problems,
but the problem‘is moré acute where surface configuration
and impervicus soils result in a high wéteb table.

In some cascs, water from drainage aitches on the
upper benches flows into sublaterals at lower levels if
adequate quantities of usable water have been collected.

Otherwise, drainage ditches empty into wasteways.,
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Stereogram of drulnsge ditch, ts tone
fts grester dopth. Dreins

Photos 3 =-A snd 3,-2,

ts much darker than a canal, due tn
2 gara constructed on straight lines wherevaer practical,

Seale 1:20,000, ('SDA, 1951, Phctos 2S-15H-5, ZS-10j-56).

‘ Photos 35-A and 35-B, Stereopair of drainage ditch, looking
southwesterly along the ditch from a road. Note that there
13 no road along elther embankment of the drainajge ditch,

nole the vegntation in the stagnant water, For aerial viow

of ahnve fenture see (0) in Photo 19.
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